Abstract This study was aimed at investigating the influence of starch pregelatinisation of maize flour, through grit steaming, on the quality characteristics of maize tuwo (non-fermented food dumpling). Maize grits were variously steamed, batchwise, for a period of 15, 30, 45 and 60 min respectively from which flour was obtained. The damaged starch value (13.4-16.2 %) of the pregelatinised maize flour increased with an increase in the steaming duration while that from 0-min steaming period was 12.2 %. The water absorption capacity (3.2-3.7 g/g) and oil absorption capacity (2.1-2.5 g/g) of the pregelatinised maize flour increased with an increase in the steaming duration while those from 0-min steaming period were 2.1 g/g and 2.0 g/g respectively. The pasting variables were found to decrease with an increase in the steaming duration include the peak viscosity (80.5-106.1 RVU), breakdown viscosity (17.9-23.1 RVU), final viscosity (102.4-136.8 RVU), setback-I (41.9-56.6 RVU) and setback-II (21.9-35.5 RVU) while those from 0-min steaming period were 108.3, 36.9, 147.4, 76.0 and 39.1 RVU respectively. The colour characteristics of maize flours and tuwo showed that the L*-value of the flours (85.2-88.7) and tuwo (65.1-67.2) decreased with an increase in the steaming duration while those from 0-min steaming period were 90.0 and 67.7 respectively. The rheological properties of maize tuwo showed that the strain at peak, taken as the cohesiveness index of the food product, ranged between 18.0 and 21.7 % while that from 0-min steaming period was 15.4 %. The softness index of the food product also ranged between 17.5 mm and 17.9 mm while that from 0-min steaming period was 17.4 mm. The sensory quality rating of maize tuwo prepared from the pregelatinised flour showed that the food product obtained from the 30-min steaming duration was rated the highest in terms of texture (mouldability), taste and overall acceptability.
Introduction
Maize tuwo (tyuu-woh) is one of maize-based food products commonly consumed in Nigeria and other Hausa-speaking communities of West African countries such as Ghana, Mali and Burkina-Faso (Bolade et al. 2002) . It is a food dumpling usually prepared from non-fermented maize flour involving a combination of the flour, water and thermal energy to form a gel-like food product. The quality attributes normally used by the consumers for assessing maize tuwo are colour (white to creamy), texture (ease of mouldability and swallowability) and pleasant taste ).
Various efforts have been made to solve the peculiar problems of textural and sensory quality inadequacies associated with maize tuwo and these include the use of hydrothermallytreated maize grains in the preparation of the food product (Bolade et al. 2002) ; the use of size-categorized maize flour for its preparation ); and the use of maizecassava flour mixes for its preparation (Bolade and Adeyemi 2012) . Maize tuwo, being a cereal food product, is normally influenced by the physical and chemical properties of maize grains from which it is produced (Akingbala et al. 1995) . These properties, however, may be modified through chemical, physical and enzymic processes so as to obtain desired functional characteristics (Hermansson and Svegmark 1996) .
Pregelatinisation of starches in cereal grains is one physical method through which the functionality of the starches can be modified and it has been carried out on such cereals as rice (Lai 2001) , maize (Loisel et al. 2006; Lagarrigue et al. 2008) and millet (Adebowale et al. 2005 ). This physical modification of cereal starches, through pregelatinisation, is usually accompanied by such changes as granule swelling, loss of birefringence and crystallinity, disruption of starch granule structure, among others (Lai 2001) .
The objective of this study therefore was to subject maize grits, meant for tuwo production, to physical modification through steaming with a view to producing pregelatinised flour of modified functionalities capable of giving tuwo of enhanced textural and sensory qualities.
Materials and methods
The white maize grains (DMR-LSR-W) used for this study were obtained from the Institute of Agricultural Research and Training (IAR&T), Ibadan, Nigeria.
Production of maize grits This was done by initially cleaning the maize grains manually by the removal of stones, damaged kernels and other extraneous materials. The cleaned grains were then tempered by sprinkling 5 % water (v/w) on the grains coupled with thorough mixing. The decortication was immediately carried out on a Grantex decorticating machine, which removed the brans and the germ to obtain the grits. The grits finally obtained were then kept in airtight polythene bags until needed.
Steaming of maize grits and flour production The steaming of maize grits was carried out in four different batches (3.5 Kg each). Each batch was initially soaked in cold water for 3 h (with an hourly water replacement to discourage grit fermentation). After soaking, the grits (a batch) were drained and subjected to steaming for 15 min using an electric steamer operating at an atmospheric pressure. Other three batches were similarly subjected to steaming for 30, 45 and 60 min respectively.
After steaming, the steamed grits were transferred into an air draught oven and dried at 55°C for 20 h. After oven drying, each batch of the grits was cooled and then milled using a disc attrition mill (Agrico Model 2A, New Delhi, India) to obtain the flour followed by sieving using a sieve with 300-μm aperture and then kept in airtight polythene bags until needed.
Maize flour was also produced from the grits that were not steamed at all which serves as the control. The flour was equally sieved using a sieve with 300-μm aperture and then kept in airtight polythene bags until needed.
Evaluation of functional properties of flour samples The functional properties (i.e. water and oil absorption capacities) of the flour samples were evaluated. The water absorption capacity was determined by the method of Sefa-Dedeh et al. (2003) . Five grams of the tested flour were weighed into a centrifuge tube and 30 ml of distilled water at an ambient temperature (30°±2°C) was added. The mixture was stirred and allowed to stand for 30 min and then centrifuged at 3,000 rpm for 15 min. The supernatant was decanted and the increase in weight noted by weighing. The water holding capacity was expressed in g/g (i.e. amount of water held per gram of flour sample). The water absorption capacity was evaluated in order to ascertain the behaviour of the flour samples in case of ingredient formulation involving water and the flour.
The oil absorption capacity was determined according to the modified method of Prinyawiwatkul et al. (1997) . Each tested flour sample (5.0 g) was thoroughly mixed with 25 ml of vegetable oil (Executive Chef Brand) in 50 ml centrifuge tubes. Suspensions were stirred intermittently over a 30-min period at room temperature (i.e. 30°±2°C) and then centrifuged at 6,000 × g for 30 min. The supernatant was decanted and the increase in weight noted by weighing. The oil absorption capacity was expressed in g/g (i.e. amount of oil held per gram of flour sample). The oil absorption capacity was similarly evaluated in order to ascertain the behaviour of the flour samples in case of ingredient formulation involving oil and the flour.
Evaluation of damaged starch of flour samples The damaged starch of each flour sample was determined according to the method of Farrand (1964) . The test was based on starch susceptibility to α-amylase digestibility. Five grams of the experimental flour were digested for 1 h at 30°±0.5°C with 46 ml α-amylase preparation. This mixture was rotated every 15 min. The extract obtained from the digestion was subjected to series of chemical treatments which include the addition of 2 ml each of 10 % sulphuric acid and 12 % tungstate solutions for 2 min after which the mixture was filtered through No.4 Whatman filter paper. One millilitre (1 ml) of the filtrate was pipetted into 10 ml 0.10 N alkaline ferricyanide plus 4 ml buffer solution in a boiling tube. The tube was then immersed in a vigorously boiling water bath for 20 min and subsequently cooled using cold water (25±2°C). Twenty five milliliters (25 ml) acetic acidsalt solution was used to rinse the solution into the flask. One millilitre (1 ml) of starch-potassium iodide reagent was added and the solution titrated against sodium thiosulphate giving a creamy white colour at the end-point. Two blank determinations were similarly carried out using 1.46 ml α-amylase preparation (Blank 1) and 2.5 ml distilled water (Blank 2); this was carried out as a check on the reagents.
Damaged starch (%) was calculated as follows: [(Maltose figure−3.5) × 6]; where the maltose figure was similarly calculated from the standardized Maltose Table. Evaluation of pasting properties of flour samples Each flour sample was subjected to pasting analysis using Rapid Visco Analyzer (model RVA 4; Newport Scientific Limited, Warriewood, Australia). A pasting analysis procedure as described by Bolade (2009) was used for each sample. A sample of 4.0 g flour (14 % moisture-basis) was transferred into a canister and approximately 25±0.1 ml distilled water was added (correction factor was used to compensate for 14 % moisture-basis). The slurry was heated to 50°C and stirred at 160 rpm for 10 s for thorough dispersion. The slurry was held at 50°C for up to 1 min followed by heating to 95°C over about 7.3 min and held at 95°C for 5 min, and finally cooled to 50°C over about 7.7 min. The parameters calculated from the pasting curve include the pasting temperature, peak viscosity, time to peak, breakdown, holding strength or trough, setback, and final viscosity.
Preparation of maize tuwo Maize tuwo was prepared from each flour sample using a method as described by Bolade et al. (2002) . The overall ratio of flour to water used in maize tuwo preparation was 1:3.5 (w/v). Cold slurry of the flour was first prepared by mixing 20 % of the desired quantity of flour (1.0 Kg) with 25 % of the desired quantity of water (3.5 l). This was followed by bringing 60 % of the water into boiling and the cold slurry initially prepared was added to this boiling water coupled with vigorous stirring, using a wooden flat spoon, to form a pap-like consistency. The remaining quantity of the flour (80 % of the desired total) was then added gradually to the boiling pap-like paste with continuous stirring so as to facilitate non-formation of lumps and to ensure a homogenous gel formation. The remaining quantity of water (15 % of the desired total) was finally added to the formed gel, covered properly without stirring, and allowed to cook for about 7 min after which it was stirred vigorously to ensure smoothness of the gel. The final product so obtained is called maize tuwo.
Determination of colour characteristics of tuwo samples The colour of tuwo from each flour sample was measured using a colour measuring instrument (ColorTec-PCM, model SN 3000421, USA) and the values expressed on the L*, a*, b* tristimulus scale. A colour determination procedure as described by Bolade (2009) was used for each sample. The instrument was initially standardized (L*090.29, a*01.37, b*00.06) using a white reference standard (white duplicating paper sheet, 80 g/m 2 ); where L* represents the colour lightness while a* and b* represent the degree of redness/ greenness and yellowness/blueness respectively. The results from three replicates per sample were averaged. The colour intensity, expressed as chroma (C), was calculated from (a   2   +b 2 ) 1/2 while one of the following equations was used to calculate the hue angle: if a>0 and b>0, then h°0 tan Evaluation of rheological characteristics of tuwo samples The rheological characteristics tuwo obtained from the flour samples was evaluated using the Universal Testing Machine (model M500-50KN, Testometric, England). A determination procedure as described by Bolade (2009) was used for each sample. Maize tuwo was initially prepared inside a cylindrical plastic container (with a diameter of 50 mm and 96 mm in height), the internal surface of which was first oiled with edible vegetable oil to facilitate easy removal after solidification. The hot maize tuwo inside the cylindrical container was allowed to cool under ambient condition (30±2°C) and after about 4 h it was extruded from the container and the cylindrical tuwo mould subjected to a compression test. The cylindrical tuwo mould was placed between two parallel flat stainless steel circular plates each having a diameter of 100 mm. The machine was set at a speed of 20 mm/min and allowed to compress the cylindrical tuwo mould until the food sample began to rupture. The rheological variables of the food dumpling (maize tuwo) determined were load at yield (N), deflection at yield (mm), strain at yield (%), load at peak (N), deflection at peak (mm), and strain at peak (%). The load at yield is essentially the force at which deflection or deformation increases without a corresponding change in force particularly just beyond the elastic limit of the food sample. The load at peak is the maximum or peak compressive force experienced by the food sample during a compression test. The deflection at yield is the point at which deflection increases without a corresponding change in the applied force. The deflection at peak is the deflection at maximum force. The percentage of such deflection/elongation is known as strain at peak (Testometric 2007) . The cohesiveness index of the food sample was equated to the strain at maximum load (%) which is the extent to which the cylindrical tuwo mould could be deformed before it ruptured (Szczesniak 1966; Pomeranz and Meloan 1987) . Determination of softness index of tuwo samples The softness index of tuwo obtained from each flour sample was determined using Precision Cone Penetrometer (Benchtop model, Pioden Controls Ltd., UK). A determination procedure as described by Bolade (2009) was used for each sample. Freshly prepared hot maize tuwo was scooped inside a clean cylindrical tin container having only one end opened and a dimension of 6 cm (diameter) by 6 cm (height). After filling, the opened end was covered with an aluminium foil to prevent scale formation of tuwo and the container was thereafter allowed to cool under ambient condition (30±2°C). After cooling, tuwo inside the container was subjected to penetrometer evaluation by positioning its centre perpendicularly to the falling probe of the penetrometer. The probe was finally released to fall freely from a standard distance to penetrate into the product in the cylindrical tin container. The total depth of penetration of the probe was then read on the penetrometer scale and the reading, expressed in millimetre (mm), was taken as an index of the product softness.
Sensory quality rating of tuwo samples Tuwo samples obtained from various flour samples were subjected to sensory evaluation using a scoring test. A 40-member, semitrained taste panel was requested to carry out the rating of tuwo samples. The panelists were all familiar with the food product while they were also instructed on the use of sensory evaluation procedures. Each of the panelists was asked to rate the samples on the basis of colour, taste, aroma, texture (mouldability) and overall acceptability using a nine-point hedonic scale (i.e. 9 0 like extremely; 5 0 neither like nor dislike; 1 0 dislike extremely). The scores from the rating were subsequently subjected to analysis of variance (ANOVA) and the means separated using Duncan Multiple Range test (IFT 1981; Meilgaard et al. 1991) .
Statistical analysis All determinations reported in this study were carried out in triplicates. In each case, a mean value and standard deviation were calculated. Analysis of variance (ANOVA) was also performed and separation of the mean values was by Duncan's Multiple Range Test at P<0.05 using Statistical Package for Social Scientists (SPSS) software, version 10.0; on a personal computer.
Results and discussion
Effect of grit steaming on water, oil absorption capacities and damaged starch value of maize flour The effect of steaming on the water and oil absorption capacities of maize flour is shown in Table 1 . The water absorption capacity of pregelatinized maize flour from steamed maize grits was observed to increase with an increase in the steaming duration and the values ranged between 3.2 and 3.7 g/g while that from the unsteamed maize grits was 2.1 g/g. The oil absorption capacity of pregelatinized maize flour from steamed maize grits also ranged between 2.1 g/g and 2.5 g/g while that from the unsteamed maize grits was 2.0 g/g. The trend of the values was observed to similarly increase with an increase in the steaming duration. The general increase in both water and oil absorption capacities of maize flour with an increase in the steaming duration may be attributed to the seeming severe disruption in the structural make-up of the starch in the flour occasioned by the steaming operation. It had earlier been observed that the increase in the water absorption capacity of pregelatinized flour might be due to such factors as higher degree of damaged starch in the flour (Chilton and Collison 1974; Kurimoto and Shelton 1988; Adeyemi et al. 1989 ) while the increase in oil absorption capacity was attributed to degree of denatured protein constituent in the flour, temperature of treatment and particle size of the flour (Richest et al. 1974) . The damaged starch content in maize flour obtained from steamed maize grits is also presented in Table 1 . There was a significant increase in the damaged starch value in the flour samples with an increase in the steaming duration and the values ranged between 12.2 % and 16.2 %. The higher damaged starch values observed for maize flour from that of greater steaming duration may be attributed to greater resistance to milling exhibited by the steamed maize grits. The resistance to milling itself seemed to have been conferred on the steamed maize grits through additional unit operations of soaking, steaming and re-drying; which might have toughened the materials thereby resulting in relative high damaged starch value than the unsteamed samples. The technological significance of the degree of damaged starch in flour is related to its influence on many processing variables including water absorption in flour as well as quality characteristics (e.g. dough stickiness, fermentation rate, loaf volume, colour and stability, etc.) of flour-based food products (Craig and Stark 1984; Hoseney 1994) .
Pasting properties of maize flour as influenced by grit steaming The influence of steaming operation on the pasting properties of pregelatinised maize flours from maize grits are presented in Table 2 . There was an increase in the pasting temperature of pregelatinised flours (74.8-75.9°C) when compared with that of the non-pregelatinised flour (74.6°C). This observation indicates that the use of pregelatinised flour in the production of maize tuwo might lead to an increased pasting or gelatinisation temperature during cooking. The justification for this observation is that the initial pre-gelatinisation (pre-treatment) of the flour, most probably, had toughened the starch granules thereby leading to a retarded granule swelling during pasting and hence an increased gelatinisation temperature. Steaming of maize grits at atmospheric pressure can be likened to a heat-moisture treatment which is defined as a physical treatment that involves incubation of starch granules at low moisture levels (<35 % water, w/w), during a certain period of time, at a temperature greater than the glass transition temperature (T g ) but lower than the gelatinisation temperature, T o (Jacobs and Delcour 1998 ). An increase in pasting or gelatinisation temperature was similarly observed for heat-moisture-modified starches by other researchers, regardless of botanical origin (Lorenz and Kulp 1982; Collado and Corke 1999) .
There was a general reduction in the peak, breakdown, final and setback viscosities of pregelatinised flours following steaming of maize grits. The reduced peak viscosity (80.5-106.1 RVU) in pregelatinised flours, as against that of nonpregelatinised flour (108.3 RVU), is an indication of reduced rate of water absorption by the starch granules during heating coupled with retarded swelling of the granules (Ragaee and Abdel-Aal 2006). The reduction in peak viscosity of pregelatinised flours could also be attributed to an increased concentration of partially gelatinized starch granules within the flour samples which did not give room for the attainment of higher peak viscosity values (Banigo et al. 1974; Adeyemi et al. 1989 ). However, the reduced peak viscosity was most severe at 45-min steaming period than other periods. Hidalgo et al. (2008) observed a similar reduction in the peak viscosity of steamed einkorn (Triticum monococcum) wholemeal flour. Puspitowati and Driscoll (2007) also observed that higher degree of gelatinization of starch could lead to the lowering of peak viscosity in rice while Gajula et al. (2008) similarly observed the lowering of peak viscosity in fiber-enriched wheat flour as a result of pre-cooking.
The breakdown viscosity of pregelatinised flours (17.9-23.1 RVU) was observed to be lower than that of the nonpregelatinised flour (36.9 RVU). This observation is an indication of increased paste stability during processing of the pregelatinised maize flour (Zaidul et al. 2007 ). The lowest breakdown viscosity was observed at 15-min steaming period than other steaming duration. Adebowale et al. (2005) also observed a reduced breakdown viscosity in hydrothermally-treated finger millet (Eleusine coracana) starch.
The final viscosity of pregelatinised flours (102.4-136.8 RVU) was also observed to be lower than that of the non-pregelatinised flour (147.4 RVU). The reduced final viscosity of pregelatinised flours from steamed maize grits was most pronounced at 45-min steaming period than other steaming duration. Zhang et al. (2010) similarly observed that the heat-moisture-treated starch of Canna edulis Ker exhibited remarkably low values of peak viscosity, hot pasting viscosity and final viscosity when compared to those of native starch. Lai (2001) also observed a reduced final viscosity in pregelatinised rice flour when compared with that of the native rice flour.
The setback viscosity (version I) of pregelatinised flours (41.9-56.6 RVU) was lower than that of the nonpregelatinised flour (76 RVU). The reduction in setback viscosity (version I) of pregelatinised flours from steamed maize grits is an indication that such flour is capable of giving reduced retrogradation tendency of food gels obtainable from the flour (Sandhu and Singh 2007) . The lowest setback viscosity (version I) was however observed at 45-min steaming period than other steaming duration. Hoover and Manuel (1996) also observed a reduction in the setback viscosity (version I) of heat-moisture-treated maize starches. The setback viscosity (version II) of pregelatinised flours (21.9-35.5 RVU) was similarly lower than that of the nonpregelatinised flour (39.1 RVU). The lowest setback viscosity (version II) was observed at 45-min steaming period. Adebowale et al. (2005) also observed a reduction in the setback viscosity (version II) of heat-moisture-treated millet starch.
Effect of grit steaming on the colour characteristics of maize flour and tuwo The influence of steaming time on the colour characteristics of pregelatinised maize flour and tuwo from steamed maize grits is presented in Table 3 . The colour lightness, L*-value, of pregelatinised maize flour was observed to decrease with an increase in the steaming duration and ranged between 85.2 and 88.7 while that of nonpregelatinised flour was 90.0 with significant differences at p<0.05. This observation might be due to the direct exposure of endosperm components of the maize grits to heat coupled with subsequent re-drying (55°C) which might have initiated a more severe non-enzymatic browning reaction within the endosperm of the grits. Horrobin et al. (2003) had postulated that colour development in steamed cereal grain is as a result of interplay between moisture uptake by the grain undergoing steaming and gelatinisation within the endosperm thereby leading to a non-enzymatic browning reaction. This observation also indicated that steaming of maize grits had a tendency of leading to a reduction in the lightness index, L*-value, of pregelatinised flour. Bhattacharya (1996) similarly observed a reduction in the L*-value of parboiled rice.
The chroma, C-value, of pregelatinised flour from steamed maize grits ranged between 13.2 and 14.5 while that of non-pregelatinised flour was 14.7. The C-value of flour from steamed maize grits was observed to decrease with an increase in the steaming duration. This observation indicated that steaming of maize grits could also lead to a reduction in the colour intensity (chroma) of pregelatinised flour derived from it. This reduction could be attributed to a severe effect of steaming on the grits which led to a more pronounced colour formation through non-enzymatic browning. Ilo and Berghofer (1999) also observed a more pronounced colour formation in maize grits during extrusion cooking.
The colour characteristics of maize tuwo derived from the pregelatinised maize flour revealed that the colour lightness, L*-value, ranged between 65.1 and 67.2 while that from the non-pregelatinised maize flour was 67.7. The colour lightness, L*-value, of maize tuwo was generally lower than that of corresponding pregelatinised maize flour counterparts which indicated that the conversion of pregelatinised maize flour to maize tuwo usually led to a further reduction in colour lightness. This occurrence might be attributed to interaction of components involved in the conversion which were water, flour and thermal energy; thereby leading to a further colour formation through non-enzymatic browning.
The chroma, C-value, of maize tuwo derived from steamed maize grits also ranged between 7.8 and 8.8 while that from non-pregelatinised maize flour was 8.9. This observation indicated that the conversion of pregelatinised maize flour to maize tuwo could also lead to a reduction in the colour intensity (chroma).
Softness index and rheological characteristics of maize tuwo as influenced by grit steaming The softness index of maize tuwo obtained from steamed maize grits is similarly shown in Table 1 and ranged between 17.5 and 17.9 mm with no significant difference while that from nonpregelatinised maize flour was 17.4 mm. The softness index of maize tuwo prepared from the pregelatinised flour was observed to increase with an increase in the steaming time. The enhanced softness index of maize tuwo samples may be attributed to structural modification of the starch granules caused by the weakening of the associative forces within the starch molecules (Moorthy et al. 1996) through steaming. The highest softness index of maize tuwo from the steamed maize grits (17.9 mm) was observed at both 45-and 60-min steaming duration.
The compression test characteristics of maize tuwo prepared from steamed maize grits are presented in Table 4 . There were variations, with significant differences at p<0.05, in virtually all the rheological variables of the food dumpling (maize tuwo) including the load at yield (N), deflection at yield (mm), strain at yield (%), load at peak (N), deflection at peak (mm), and strain at peak(%). The load at yield ranged between 11.7 and 12.2 N, lower than that from 0-min steaming (12.4 N) . The load at yield is essentially the force at which deflection or deformation increases without a corresponding change in force particularly just beyond the elastic limit of the food sample (Testometric 2007) . When the load at yield is divided by the original crosssectional area of the food sample, the resultant quantity is known as stress at yield. The load at peak for the food samples ranged between 31.2 and 35.9 N, also lower than that from 0-min steaming (37.3 N) . The load at peak is the maximum or peak compressive force experienced by the food sample during a compression test. The implication of this observation is that a lower force would be required to manipulate maize tuwo prepared from pregelatinised flour during consumption particularly when it involves hand-mouldability of the food bolus. When the load at peak is divided by the original crosssectional area of the food sample, the resultant quantity is known as stress at peak.
The deflection at yield for the tuwo samples ranged between 4.1 and 4.4 mm, higher than that from 0-min steaming (3.9 mm). The deflection at yield is the point at which deflection increases without a corresponding change in the applied force (Testometric 2007) . The percentage of such deflection/elongation is known as strain at yield. The deflection at peak for the food samples also ranged between 19.8 and 23.9 mm, higher than that from 0-min steaming (16.5 mm). The deflection at peak is the deflection at maximum force. The percentage of such deflection/elongation is known as strain at peak. The strain at peak for the food samples, taken as the cohesiveness index, was observed to range between 18.0 and 21.7 %, higher than that from 0-min steaming (15.4 %). The implication of this observation is that the use of pregelatinised flour for tuwo preparation could lead to enhanced product cohesiveness. The highest cohesiveness index (21.7 %) was observed for maize tuwo obtained from steamed maize grits at 30-min steaming. The increase in the cohesiveness index of maize tuwo from the pregelatinised flour may be attributed to structural modification in the starch granules of the flour. The increased concentration of partially gelatinised starch granules in the pregelatinised flour as observed by Adeyemi et al. (1989) might have modified the overall structure of maize tuwo thereby leading to its increased cohesiveness index.
Cohesiveness of a food material has been described as the rate at which the material disintegrates under a compressive force (Pomeranz and Meloan 1987) . The smaller the deformation under a given load, the lower the cohesiveness and the greater the "snappability" of the product (Szczesniak 1966 ). Therefore, a higher value of strain at peak indicates that the sample exhibited higher percent height displacement or deformation under compression particularly at maximum compressive force. The cohesiveness of food dumpling like maize tuwo is an important quality attribute that usually influences consumer acceptability of the product (Osuji 1983; Aboubacar et al. 1999; Ndjeunga and Nelson 2005) . Moulding of food bolus with fingers and palm is one of the preliminary actions that usually preceed maize tuwo consumption and good hand-mouldability is therefore a factor that influences the overall enjoyment of the food. Even in areas or regions where food mouldability and swallowability seem not to be regarded as strong factors for food preference as against food chewability, it is important to note that it is the peculiarity of the available traditional foods in the environment that might have made the people to surrender to fate thereby turning the practice to a culture.
Sensory quality rating of maize tuwo as influenced by grit steaming The sensory quality rating of maize tuwo prepared from pregelatinised flour from steamed maize grits are presented in Table 5 . Maize tuwo from 30-min steaming of maize grits was rated the highest in terms of texture (mouldability), taste and overall acceptability but not significantly different from maize tuwo from 45-min steaming of maize grits in terms of texture (mouldability) at p<0.05. Maize tuwo from the control (unsteamed maize grits) was rated the highest in terms of colour and aroma but not significantly different from maize tuwo from 15-min and 30-min steaming of maize grits in terms of aroma at p<0.05. Therefore, steaming of maize grits at an atmospheric pressure for a 30-min period was ultimately identified as the most appropriate steaming duration for optimum textural and sensory quality enhancement of maize tuwo. It is however important to observe that maize tuwo obtained from 0-min steaming was rated the best in terms of colour and aroma and yet rated the least in terms of overall acceptability. This observation may be attributed to the fact that the two parameters (mouldability and taste) seem to have an overbearing influence on the acceptability of the traditional food product; and this is reflected in the data generated.
Conclusion
The conclusion from this study is that pregelatinisation of starch in maize flour meant for tuwo production, via maize grit steaming, could lead to the enhancement of textural and sensory quality attributes of the food product. A 30-min steaming duration was found to be an optimum level for the maize grits as maize tuwo obtained from this steaming regime was rated the highest in most of the sensory attributes.
The practical application of these findings is that the information would be relevant in the production of maize flour meant for tuwo of enhanced quality attributes both at household and commercial levels. It would also be relevant in the promotion of industrial production of maize flour meant purposely for tuwo preparation.
